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mnccxipiow 


ii9n  d4it«  on  ooaMrclally  availnbl*  glaaa  flbra  ralnforoad 
plastic  (dtp)  waa  raqulrad  to  fora  Um  basis  for  tha  dssl^n  of  tbs 
hull  Btructura  for  a  cataaaran  adnshuntar  for  tha  Moyal  Australian  Navy. 
Assiatanca  In  taatlnq  was  raqusstad  by  Matsrlals  Rasaarch  Laboratorlas 
in  thosa  araas  whara  thair  facilltias  warv  inadaquata  as  for  asaapla 
in  tha  tastlnq  of  larqa  oohprasslon  panals. 


Prallainary  tasts  wara  aada  on  a  panal  of  dtp  sandwich 
ooostructlon,  praparad  by  MU.,  In  ordar  to  datandna  tha  bahaviour  of 
oo^praaslon  panals  of  this  typa,  tha  offsets  of  and  conditions, 
sultabla  typas  of  strain  qaugas  and  adhsslvaa  ate.,  bafora  Mdaarklnq  on 
tha  aaln  tast  proqrasBM.  It  should  ba  noted  that  while  sow 
asparlanca  has  alraady  baan  qainad  In  tha  tasting  of  dtp  aatarlals  and 
co^posltas  llttla  work  haa  baan  dona  at  AM,  on  largo  caapraaalon  panals 
of  this  aatarlal. 


2. 


ouauPTxaH 


dtp  sandwich  atructura  consists  of  outar  layars  of  glass 
cloth,  wowan  rovings  and/or  randoa  orlantad  flbra  (choppod  strand  sat) 
bonded  togathar  by  polyastar  raaln.  Thosa  outer  layers  are  caparatad 
by  a  core  aatorlal  such  as  a  low  density  foaa  whl^  serves  to 
tranwlt  loads  to  support  and  stabilise  tha  skins  sgalnst  praaatura 
buckling.  Tha  obvious  purpose  of  this  arrangoasnt  Is  to  Incroasa  tha 
rigidity  and  strength  of  tha  glaas  cloth  layars  with  a  alnlisua 
Increase  In  weight. 


Tha  panal  stg>pllad  was  aada  up  froa  a  rigid  PVC  foaa  oora 
of  20  as.  thickness  ssndwlchsd  botwaan  two  skins  of  dtP  of  approsiaata- 
ly  ^  an.  thicknaas.  Tha  panal  was  laid  up  by  hand  and  tha  GRP  consisted 
of  sltamata  layers  of  300  ga/hatra3  chopped  strand  ast  and 
000  ^M/**tra2  woven  rovings  bonded  togathar  with  polyester  resin. 

Thera  wore  four  layars  of  woven  rovings  and  five  layars  of  choppod  strand 
ast  to  each  GRP  skin  -  tha  skin  starting  and  finishing  with  chopped 
strand  aat. 


Tha  caa^lated  panal  was  of  overall  dimensions  130  ca.  s  84  ca., 
thasa  dlswnslons  were  dictated  by  tha  limitations  of  tha  aschining 
capacity  of  tha  ARL  jig  borer.  Tha  panal  ends  were  locally  reinforced 
by  two  alwinlvai  alloy  bars  bonded  to,  and  bolted  through,  the  panal  as 
shown  in  Pig.  1(a).  Ths  foaa  oora  had  also  been  replaced  over  tha 
first  6  ca.  of  panal  depth  by  s  length  of  timber  to  provide 
additional  and  stiffness. 

Suboaquantly,  at  an  early  stags  in  tha  tasts,  tha  alominiua 
alloy  bars  separated  from  ths  ends  of  tha  panel  and  a  significant 
modification  was  aada.  This  consisted  of  locally  doubling  tha  thickness 


•tat  I  ■  jL 


of  th*  GRP  •kins  «nd  taporlnq  off  th«  doublori  to  diffUM  th«  load 
•vonly  Into  th«  •kino  folloMOd  by  continq  tho  ondo  of  th*  panol  in  • 
chocking  coapound  botwoon  th*  pl«t«ns  of  th«  tasting  aachina.  Saa 
rig.  1  (b) .  This  anauzad  that  tha  ands  of  tha  panal  wara  ooa|>atibla 
with  tha  platans  of  tha  tasting  aachina. 


WOtKi  It  is  standard  practica  in  tha  tasting  of  larga  coaprassion 
panala  of  aircraft  structura  for  tha  ands  of  tha  panal  to  ba  cast  in 
low  salting  point  alloy  and  aachinad  aquara  and  parallal.  This 
stabilisas  tha  loadad  adgas  of  tha  panal  pravanting  local  ovarloading. 
buckling  and  collapsa  and  ansuras  avan  diffusion  of  tha  load  into  ths 
panal.  Low,  salting  point  alloy  (salting  port  circa  KX/’  C)  was 
obviously  unsuitable  for  GRP  and  an  aposy  chocking  oospound 
(Ipiras  403)  waa  uaad  to  cast  tha  panal  ands  in  situ  batwaan  ths  platans 
of  tha  tasting  sachina. 


Tha  flatness  of  tha  panal  was  checked  by  supporting  tha 
panal  horiaontally  on  three  supports  of  equal  height  sarking  off  tha 
panel  into  a  10  cs.  grid  and  saasurlng  heights  by  dial  indicators  at 
grid  intarsaction  points.  The  panal  was  than  tumad  ovar  and  tha 
procass  rapaatad.  Oawlationa  fros  flatness  of  up  to  l.S  wm.  %iara 
found.  Thasa  deviations  are  probably  quits  significant  but  sust  ba 
accepted  because  of  the  hand  laid  up  construction. 


Tha  panal  was  sat  up  in  tha  ARL  2.6S  NN  tasting  sukchina  and 
aligned  carefully  batwaan  tha  oonprassion  platans.  Oaf lection 
■assuring  indicators  ware  placed  on  each  side  of  tha  panal  to  ensure 
even  loading  and  to  ■aasura  any  relative  rotation  of  tha  aachina 
platans. 


Loadft  wara  applied  to  tha  panal  in  equal  load  incrasianta  and 
oorrasponding  strain  gauge  and  deflection  readings  recorded  at  each 

stage. 


In  tha  initial  stages  of  tasting  horisontally  nountsd  dial 
gauges  placed  in  five  rows  across  tha  panal  wara  used  in  an  endeavour 
to  detect  incipient  buckling  but  thasa  gauges  proved  to  ba  too  erratic 
with  poor  repeatability  and  it  was  decided  to  dispense  with  then  in 
later  tests.  Ths  two  vertical  dial  gauges  however  wara  retained  and 
used  throughout  tha  tests.  Dial  gaugas  stations  are  shown  in  Fig.  2. 


TUelva  electrical  resistance  strain  gaugas  (sis  par  side) 
wara  bonded  to  tha  panal  as  shown  in  Fig.  3.  Later,  two  fwther  gauges 
of  longer  gauge  length  vis  20  ■■.  were  attadtsd  at  ths  centra  position 
and  proved  to  ba  nora  oonsistant  and  repeatable  than  those  of  4  w. 
gauge  length. 


4.  TKSTS  MID  TEST  HBSUtTS 

S«v«r«l  trial  rws  wara  aada  up  to  loads  of  60  kM  to  chack 
tha  load  distribution  across  tbs  panal  and  during  thasa  runs  it  haoans 
apparant  froai  tha  strain  gauga  raadlngs  that  ths  adgas  of  tha  panal 
wars  not  parallal  transvaraaly  across  tha  adgas.  This  was  probably 
cauaad  by  banding  of  tha  panal  by  tha  clanps  usad  during  tha  siachining 
procass.  The  ends  of  tha  panal  wars  thsrafora  ahlanad  prograssivaly 
until  tha  load  distribution  was  avan  across  tha  panal.  Ihiring  thaaa 
initial  stagas  tha  aluninium  alloy  rainforcing  bars  bsesMs  datachad  and 
tha  nodifications  dascribad  in  Para.  3  wars  introduoad. 

lasting  was  oontinuad  and  two  runs  wars  nada  to  100  kM  and 
two  runs  to  200  kM  with  strain  rsadings  at  conwaniant  iaarsaanta. 
finally  tha  panal  was  loadad  until  tha  oocurranca  of  buckling.  Tha 
panal  suatainad  a  naslw  load  of  603  kM  and  at  this  stags  buckling 
occurrad  in  tha  lowar  half  of  tha  panal  as  shown  in  figs.  4  and  5. 

Ths  load  on  tha  panal  droppad  off  to  110  kM  and  hald  this  walua  with 
incraaaing  ooapraasion.  Tha  panal  was  unloadad  at  this  stags  whan  tha 
buckla  dapth  was  approaisutaly  6  ca.  and  tha  foasi  cora  at  tha  emst  of 
tha  buckla  had  cosyrassad  about  3  sa.  Tha  panal  ms  raaowad  froti  ths 
tasting  uachina  and  ovar  24  hours  tha  panal  and  tha  foaa  oors 
raoowarad  and  tha  final  panansnt  buckla  dapth  was  approxisataly  2  sa. 

Saa  fig.  11.  Nsan  vartlcal  daf lactionaof  tha  panal  ara  shown  graphically 
in  fig.  6. 

Strain  gauga  rsadings  ara  plottad  in  back  to  back  pairs  on 
Wga.  7.  a,  9  and  10. 

It  will  ba  notad  that  thara  is  a  daviation  fro*  linaar  with 
tha  aajority  of  tha  gaugas  at  around  400  kM  and  that  back  to  back  gaugas 
dawiata  in  opposite  diractions  indicating  Incraasing  tansion  on  ana  aids 
of  ths  panal  and  incraasing  coagtrasslon  on  tha  othsr  at  this  buckling 
stags  of  tha  taat. 

Subssquantly  tha  panal  was  ra loadad  to  produoa  a  failura  in 
tha  fibra  glass  skins  and  conprassion  failura  of  ths  fibraglaas  occurrad 
in  tha  ooncawa  sida  of  tha  bucklas  as  shown  in  figs.  12,  13  and  14 
45  cn  fron  tha  bottoo  of  tha  panal. 

It  is  intarasting  to  nota  that  in  this  taat  tha  panal  suatainad 
a  naainun  load  of  230  kM  bafora  tha  load  startad  to  fall  away  ,  a 
oonsidarabla  incraaso  ovar  tha  load  of  110  kM  in  tha  fully  bocklad 
condition  of  tha  pravious  tast. 

5.  eX^CLOSlOWB  »MD  IWC0W«MDkT10|g 
5.1  Qanaral 

Thaaa  pralininary  tasta  hava  fulfillad  tha  purpoas  of  providing 
valoabla  aaparianoa  in  tha  tasting  of  CMP  sandwich  ooaipcaasion  panals 


and  a  aora  raady  acoaptanca  of  tha  widar  tolaranoaa  uaad  In  tha 
aMnufactura  of  atmcturaa  of  thla  aatarlal.  Xt  haa  baan  datanlnad 
that  tha  aceurataly  aachinad  loadad  anda  of  tha  paiMl  (idileh  waa 
a  lladtation  on  panal  ovarall  dlaanaiona)  ara  uanacaaaary  aa  tha 
anda  can  ba  aat  in  a  chocking  ooapound  in  aitu  in  tha  taatlng 
aachlna.  Tbua  tha  only  ilAltation  on  panal  alaa  la  tha  load  capacity 
of  tha  taatlng  aachlna. 

With  tha  ralatlaaly  loaar  aodulua  of  alaatlcity  of  tha  GW 
ooaparad  with  ataal  and  alialnlua  alloy  taat  paraonaal  auat  baooaa 
accuatooad  to  tha  accraanilatlon  of  auch  largar  daflactiona  during 

taata. 

5.2  Strain  gaugaa 

Itia  Inoonalatanclaa  In  atraln  gauga  raadlnga  idileh  ara  awldant 
froa  tha  grapha  riga.  7-lo  ara  attrlbutad  to  tha  variability  in 
thlcknaaa  of  tha  CUP. 

Nora  aatanalva  atraln  gauging  will  ba  naoaaaary  in  futura  in 
ordar  to  provlda  a  battar  ovarall  plctura  of  panal  bahaviour.  Xt 
la  racoMandad  that  atraln  gaugaa  of  20  wm.  gauga  langth  ba  uaad  In 
prafaranoa  to  tha  6  am.  gauga  langth.  Otharwlaa,  atraln  gaugaa 
parforawd  aatlafactorlly. 

5.3  Daflactlona 

vartical  daflactlon  raadlnga  ahowad  virtually  no  daviation 
froN  linaarlty  and  provad  valuabla  In  tha  nonitorlng  of  avan  load 
dlatxlbutlon  acroaa  tha  panal  and  tha  ovarall  c<Mpraaalva  atraln 
of  tha  panal.  Howavar ,  tha  horlaontal  dial  gaugaa  providad  littln 
■aanlngful  infomatlon  bahavad  atrwttmlly  and  imto  non-capantahln. 

5.4  Suckling  bahaviour 

Tha  dagraa  of  raitt«lnt  Inpoaad  on  tha  loaded  adgaa  of  tha 
panal  appronlaataa  to  a  "built  In"  condition. 

Tha  calculated  critical  buckling  atraoa  for  this  panel  fren 
tha  mar  atrut  aquation  (ualng  tha  Swedish  Navy  Value  for  _ 

t  •  10,000  NPa)  la  44  Wa  conparad  with  tha  actual  value  of  43  NPa. 

lha  buckle  pattern- of  tha  panel,  howavar,  waa  not  etfictly  in  . 
acoordanoa  with  mar  bacauaa  tha  ends  ware  not  rigidly  oOnatoainad 
against  rotation  and  rotation  of  tha  ends  waa  obaarvad  with  dropping 
away  of  tha  load.  Oonpraasion  of  tha  foaa  oora  of  about  4  as.  waa 
alao  obaarvad.  This  Indicates  that  tha  buckling  strength  Bight  ba 
liprovad  by  a  stiffar  foaa  core. 

Tha  bahaviour  of  tha  panal  eoald  have  baan  advaraaly  affected 
by  tha  irregular  It  lea  due  to  hand  layup.  Thia  panal  with  a  20  w. 
fosB  oora  oould  wall  be  nora  aanalUva  to  thaaa  irregular itiaa  than 
tha  proposed  panal  with  a  60  ■*.  core. 


-s- 


Th*  Bulv  curve  for  built-in  end  conditions  is  plotted  on 
Pi9.  IS  end  ths  test  penel  with  a  high  slenderness  ratio  sttows  good 
agreeeent  with  the  curve.  Saull  coepression  test  speciaans  with  a 
slenderness  ratio  of  7.5  failed  in  caa9>ression  at  180  MPa.  The 
Euler  curve  for  Bis«>ly  supported  ends  is  also  shown  with  estiaated 
Swedish  Navy  results  for  a  60  set.  foasi  core  and  12  ■■.  GRP  skin. 

5. 5  Further  developaents 

Tests  on  coa9>resslon  panels  of  the  proposed  sandwich  oonstruc- 
tion  for  'Hinehunter”  i.e.  8  bsb.  GRP  skins  and  60  a».  foaa  will  bo 
te«ted  in  a  sisULlar  eanner  to  the  Swedish  Navy  testa.  These  tests 
were  eade  on  panels  BOO  en.  x  300  mm.  with  sia«>ly  supported  end 
conditions  siaulated  by  knife  edges. 


G»ogM  0  (D  d)  -  etc  on  one  ude  o1  panel. 

E  ®  [0  -etc  on  opposite  side  of  panel. 

Gauqn  1  12  inclusive  TML  type  GFLA'6  (6mm  gauge  length) 

Resistance.  1 20  ohm 
G  F.-  2.16 

Gauges  13  and  14  Type  PL  20  1 1  (20mm  gauge  length) 

(adjacent  to  S  and  11)  Resistance.  12  ohm 

G.F.:  209 

Adhesive  M  Bond  200*  catalyst 


FIG.  3  STRAIN  GAUGE  POSITIONS 
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BUCKLING  AND  PRIOR  TO  GRP  FAILURE 


FIG.  12.  BUCKLED  PANEL  AT  GRP  FAILURE  TENSION  SIDE 
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FIG  14  COMPRESSION  FAILURE  OF  GRP  (AFTER  UNLOADING) 
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